Background The study investigates the magnitude and distribution of fatal road traffic injuries (RTIs) in the Chinese province of Jiangsu by road user.
Introduction
Road traffic injuries (RTIs) are currently the eighth leading cause of death globally 1 and the third leading cause of death in East Asia 1 where the burden falls heavily on vulnerable road users (VRUs), comprising pedestrians, cyclists and motorcyclists. 2 China, one of the countries where the burden of RTIs is the highest in the region and globally, had around 279 000 deaths due to RTIs in 2012, accounting for 22.3% of the world total. 3 The number of motor vehicles had, by then, reached 109.3 million compared with 1.8 million in 1980 4 and the number of casualties had increased by 70% in rural areas compared with 4% in urban ones between 2005 and 2010. 5 Increases and changes are generally attributed to rapid economic development, urbanization and motorization processes. Motor vehicle crash mortality rates are expected to peak as the country experiences a transition to motorized travel with a mix of vulnerable road users sharing roadways with increasing numbers of motorized vehicles. 6 This is also accompanied by a progressive change in the distribution of RTIs across categories of road users. [7] [8] [9] In China, although the development and pace of change vary from one province and one part of the country to another, the burden of RTI mortality is generally on the increase. 10, 11 Both economically developed provinces on the east coast of China with high population density (such as Jiangsu Province) and less developed ones from the north and west with smaller population sizes (such as Tibet) have high road traffic deaths rates. 10, 11 Within provinces, however, differences may occur in the rate of RTI mortality, often aligned to variations in economic activity and growth. Jiangsu, where the current study took place, is the country's second wealthiest province measured by Gross Regional Product 4 and is undergoing relatively rapid growth. Although the southern part of the province is prosperous, the north remains relatively poor. This, in turn, has implications on the road traffic environment throughout the province, where mixed traffic environments remain very common in the north but are far rarer in the south. 12 The province offers an interesting base for investigating the rate and distribution of road traffic injury mortality overall and by region, at a time when the province is undergoing economic transition. This study investigates the magnitude and distribution of fatal RTIs, and years of potential life lost (YPLL) due to premature deaths in the province split by region, and considering gender, age group and category of road users.
Methods

Study design and study area
The study was a register-based cross-sectional study covering the whole Jiangsu Province in 2012 (latest data available). In 2012, the total population was 79.20 million, the population density was 772 people/km 2 , and the gross regional domestic product accounted for 10.4% of China. 13 Jiangsu is divided from north to south into three regions that comprise 13 prefecture-level cities, five cities in the north, three in the center and five in the south. The southern region has the highest gross regional product, nearly half of that of the whole province (source: Jiangsu Statistical Yearbook 2013). 13 
Data sources
Police data represent the main source of RTIs in several studies in China 10, 11 and it is common practice to use such data to provide fatality estimates.
14 However, the quality and completeness of police data are a challenge, even when assessing mortality [14] [15] [16] [17] and studies from China indicate that data from other sources may reveal up to 3-5 times as many fatalities. 14, 16 Even in comparisons over time, differences between police data and data from other sources may arise, all road users aggregated 17 or by category of road users 15 in China.
In 2004, China launched an online population-based vital statistic registry titled the National Cause of Death Registry System administrated by the Chinese Center for Disease Control and Prevention. It is based on Resident Death Medical Certificates filled in by well-trained medical staff. The injury is coded according to the International Classification of Diseases-10th (ICD-10). 18 The population coverage is complete since 2012 with the exception of the prefecture-level city of Suqian (in the north), which comprises approximately 7% of the Jiangsu population and 16% of the population in the north. Each health care institution is assigned a six-digit area code for specifying the location of the death.
For each specific injury, the register provides the victim's birth date, date of death, age, sex, area of residence (six-digit area code of health institution and rural/urban) and underlying cause of death. The RTI deaths are coded according to the ICD-10 (codes V01-V89). In 2012, the total number of RTI deaths reported in the system was 13 694. Table 1 indicates their distribution by region and category of road user considering both VRUs and motorized vehicle occupants (MVOs). Primarily off-road designed vehicles, victims of unspecified mode of transport and unspecified type of vehicle are excluded in the further analysis.
Population data were gathered using the hukou population count for the year 2012 obtained from the Jiangsu Provincial Center for Disease Control and Prevention. The data are provided in average measures for the reference period 30 December 2011 to 30 December 2012 and by area code (six digit), age group and sex. The areas are also defined as rural or urban where rural is assigned to counties or county-level cities and urban to districts.
As the injury surveillance system was not in place in 2012 in five county-level divisions from the prefecture-level city of Suqian, these were excluded from the study (a population of about 5 576 562 people; 7.4% of the Jiangsu population and 16.3% of the north in 2012; data retrieved from Jiangsu Yearbook 2013). 13 
Statistical analysis
The distribution of RTIs was compiled by sex, age and region of residence of the victims. Age was categorized in two ways: 18 groups in the descriptive analysis (0-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55- Crude and age-adjusted mortality rates were calculated using a direct standardization method described 19 with the latest China Census Population from 2010 as a standard. Sex, age groups and rural/urban-specific mortality rates were calculated for VRUs and MVOs as the number of deaths divided by the corresponding population size. Individual YPLL was calculated by applying 2012 China life table 20 and summing each individual's life expectancy at the age of death. Age-adjusted YPLL rates with 95% confidence intervals (CIs) were compiled by gender using the same agestandardization method.
Negative binomial regression was used to assess the associations between demographic characteristics (age, sex and region) and the RTI mortality rates in both crude and adjusted (by rural/urban area of residence) models and separately for VRUs and MVOs. The crude models were done by univariate negative binomial regression and the adjusted ones by multivariate negative binomial regression. Incidence rate ratios (IRRs) are calculated with 95% CIs in each of the four models. Analysis and figures are performed using the R statistical software version 3.1.2. 21 
Results
In 2012, the crude mortality rate of RTIs was 20.25 per 100 000 population with an average age of death at 53 years. The overall age-adjusted rate was 18.14 (95% CI: 17.84-18.45). The crude YPLL per 100 000 population was 510.2 years. The age-adjusted YPLL per 100 000 population was 494.3 (95% CI: 492.7-496.0) and the rate was approximately 2.3 times higher among men (691.3, 95% CI: 688.5-694.1) than women (300.1, 95% CI: 298.2-301.9).
RTI mortality was higher for pedestrians (9.18, 95% CI: 8.96-9.40) than motorcyclists (2.87, 95% CI: 2.75-3.00) and occupants of three-wheelers (0.57, 95% CI: 0.52-0.63) and more than twice as high among men (25.86 Figure 1 shows that from the age of 10 to 14 years and onward, there was a steady increase in RTI mortality rates among both men and women and a steeper rate among men. In fact, 4.6% of the total number of deaths was in persons younger than 20 years and 26.7% among those 65 years and over. The overall gender ratio was 230 men per 100 women and men had a higher RTI mortality rate at any age. The highest rates for both sexes were in age group 85+, with an 83.25 per 100 000 population rate for men and a rate of 37.11 for women.
From all four categories of road users considered (only 53 cases were found for the ICD-10 code V80 so it was excluded), Fig. 2 shows that pedestrian RTI deaths were the most frequent ones at all ages and increased steadily from age 10 to 14 years (1.58 per 100 000 population) to the highest (32.80 per 100 000 population) in the age group 80-84 years. Mortality rates among MVOs were relatively similar across age groups with the highest e82 JOURNAL OF PUBLIC HEALTH 95% CI: 1.38-2.09) had higher mortality rates than in the south.
The adjusted model of MVO deaths shows that men had higher mortality rates than women with an IRR of 2.55 (95% CI: 2.08-3.13). People travelling in the north had higher mortality rates of motorized vehicle RTIs compared to those in the south, with a corresponding IRR of 1.57 (95% CI: 1.28-1.93).
The northern region has a greater share of roads and of motorcycles, and the southern one, of population and motorized vehicles (source: Jiangsu Traffic Yearbook 2013). 12 The southern region has the higher gross regional product, more than twice as much as north, and nearly half of that of the entire province (source: Jiangsu Statistical Yearbook 2013). 13 
Discussion
Main findings of the study This study shows that RTI mortality is a significant cause of death in Jiangsu Province and affects to a far greater extent older people and men more than women. The burden falls heavily on vulnerable road users, in particular pedestrians.
Regional differences are also substantial, with the most prosperous (southern) region of the province having the lowest RTI mortality rate and the least wealthy one, the highest.
What is already known about this topic
High RTI mortality rates and the predominance of pedestrians and other vulnerable road users among the victims in countries from East Asia and in particular in China as a whole have been shown in earlier reports 1, 11, [22] [23] [24] [25] as well as in studies from countries in neighbouring regions 26 and Latin America. 27 The excess risk among men is also well known 28 and explanations include differences in both exposure to traffic 28 and in risk taking behaviour, 29 with findings from China showing that more traffic violations are accredited to men. 30 Increasing RTI mortality with age, in particular among pedestrians, has not been documented thus far except for an earlier study from Brazil where the rate for people aged 80+ years old was over 10 times that of the youngest age group (0-9 years old). 27 The vulnerability of older people in the traffic environment also has a number of different explanations and these differ to some extent depending on whether they are drivers [31] [32] [33] or pedestrians. In both instances though, it is likely that a mix of exposure and vulnerability comes into play, either when coping with the traffic environment 35 or following a crash event where they may sustain more severe types of injuries or recover more poorly from them. [36] [37] [38] What this study adds Categories of road users Whereas China as a whole has been identified as a country with high rates of road traffic injuries, 5 this study shows that RTI mortality is even higher in the most developed province of the country, Jiangsu, but with considerable internal differences.
The overall age-adjusted RTI mortality rate (18.4 per 100 000 population) in the province as a whole is over three times as high as the rate observed in other Asian-and high-income-countries, such as Japan (5.2 per 100 000 population) and Singapore (5.1 per 100 000 population), 2 but similar to countries experiencing economic transition like India (15.5 per 100 000 population) and Brazil (19.4 per 100 000 population). 27, 39 It is of note that the total number of deaths for the same reference year is nearly three times as high as the one reported by the police for the same period (13 694 compared with 4731) 12 and our hospital-based data exclude the city of Suqian. This points to a likely underreporting in police data, as suggested in several earlier studies from China. [14] [15] [16] [17] Further, in spite of ongoing and rapid development, the bulk of RTI mortality in Jiangsu falls heavily on pedestrians (more than 80% of all RTI deaths) which is much higher than that in Brazil (51%) or India (68%). 27, 39 The pedestrian mortality rate of 9.18 per 100 000 population in Jiangsu is nearly three times as high as the global pedestrian mortality rate, estimated at 3.9 in 2010. 40 Even the mortality rate among cyclists is higher than that reported in an earlier Chinese study 15 (2.35 versus 1.6 per 100 000 population) although this may reflect differences in categories ICD-10 investigated (V10-V19 in this study and V12-V14 and V19 in the other study).
Age and gender differences A study from China indicates that people age 65 years and over account for approximately 10% of total road traffic deaths and the most affected age group is 21-50 years.
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In Jiangsu, the difference is even larger with an average age of 53 years and 26.7% of deaths among people aged 65+ years. This contrasts with global reports indicating that young adults are the highest risk group for road traffic injuries even in middle-income country. 2 For VRUs, the rate of the oldest age group 80+ years is 14 times that of the age group 0-9 years. There are good reasons to believe that this higher rate is a reflection of the amount of time older people from the province spend commuting in the traffic environment.
It is also of note that the RTI mortality rate increases starting with the age group 15-19 years for both men and women, which is when a large proportion of Chinese teenagers leave compulsory school. This finding is similar to one observed in an Indian study 39 but contrasts with data from a WHO report showing that both male and female RTI mortality rates steadily increase with age, starting from age group 0-4 to age 60+ years in low-and middle-income countries. 29 The age-adjusted YPLL per 100 000 population attributable to road traffic injuries for both men and women are higher in Jiangsu than those reported from the United States (cut-off age for premature death at 80), 41 France 42 and Taiwan, 43 but lower than in Thailand 44 and globally. 45 
Regional differences
High traffic flow and greater population density are both correlated with pedestrian RTI mortality rates. 46 In the current study, the northern part of the province has the highest RTI mortality rate (in particular among VRUs) but it is not as densely populated as the southern part, where the rate is lowest. The differences between regions of the province are also an echo of previous studies revealing that RTI mortality may vary with increasing levels of development, eventually peaking in periods of transitions to motorized travel, where mixed traffic is common and the risks encountered by VRUs higher. [6] [7] [8] In less motorized areas, motorcycles dominate the roads along with human-powered vehicles, pedestrians carrying loads, and locally designed vehicles. 47 There are more tertiary roads and fourth roads (defined as where a mix of motor vehicles and non-motor vehicles share the same road, based on the Chinese Technical Standard of Highway Engineering JTG B01-2003) in the north than in the other two regions and on such roads, the traffic is a mix of MVOs and VRUs, which is very detrimental to the safety of VRUs. In Jiangsu, the southern region may already be experiencing this post transition and there are improvements in the traffic infrastructure, 48 medical care for injury victims, 48 and safe public transport systems. 2 The public transport in the south is also more available and widespread than in the two other regions. For instance, two of the five cities in the south had metro systems by 2012.
In light of the above, it appears of high importance for the province to engage in the protection of VRUs. Inspiration can be sought in a range of evidence-based interventions, the bulk of which build on the notions of traffic separation and speed management, including building cycling and pedestrian-only routes, car-free routes and bus lanes and longer green time in traffic signals. 49, 50 Implications Knowing the actual number and demographic distribution of RTI fatalities is an important step when designing policies aimed at reducing RTI deaths. 17 In Jiangsu, it is obvious that the protection of VRUs deserves high priority. The protection of vulnerable road users like pedestrians is better achieved through traffic separation measures that isolate the risks (e.g. building bicycle-and pedestrian-only routes, car-free routes and bus lanes, and traffic signals staying on green for longer 50, 51 ) or by the introduction and enforcement of speed limits. 49 In late 2010, interventions aiming at curbing speeding and drink-driving were implemented in Suzhou (in southern Jiangsu) and Dalian as two pilot cities where a small reduction of drink-driving was noticed. 51 When it comes to car occupants, current legislation in China requires seat-belt wearing for front and rear seat occupants and motorcycle helmet wearing for both drivers and passengers. However, neither of these was being enforced strictly at the time of the study. Motorcycle helmet and seatbelt law enforcement in China was estimated with a score of 2 on a scale of 0-10 (a score of 8 or above is considered to be 'good') in 2010. 2 The same applies to child safety seats. Low rate of seat-belt wearing has been observed in Nanjing (capital city of Jiangsu Province) and Zhoushan (city in Zhejiang Province) with a percentage of nearly 50% for drivers, less than 10% for front-seat passengers and less than 1% for rear-seat passengers. 52 
Limitations
Although the data at hand come from a well-functioning death registration system, it is possible that not all the RTI deaths that occurred in the Province in 2012 were captured which would imply an underestimation of the RTI mortality rates. There are no reasons to believe, however, that such a bias would affect some demographic groups more than others but reporting may be more problematic in remote areas. An additional source of bias common in road traffic injury studies is that people may not be injured where they live. This is likely to be a problem in this study as the regions considered are quite large (the Province being divided in three main regions) and as most victims are pedestrians.
In light of earlier studies, it is very likely that misclassification of category of road user in these data is not much of a problem. An earlier study from China regarding the validation of verbal autopsy for adults reported a sensitivity of 96.7 and a specificity of 100 for traffic accident deaths based on experts reviewing medical records. 53 Likewise, another Chinese study reports a relatively high sensitivity (83.3, 95% CI: 71-95) of validation of cause of death registration in urban China depending on experts reviewing medical records. 54 Yet, 11% of the total RTI deaths were excluded from the study because of an unspecified mode of transport or type of vehicle for the victim (Table 1) . Cases like these were more common in the southern and northern regions which may affect the differences in rates observed between regions.
One more limitation concerns the proxy of rural/ urban status of the deceased person. In the present study, rural/urban residence refers to an administrative classification that urban is district and rural is county or countylevel city. This crude measurement might not catch the reality of rural/urban residence. Therefore, the real rural/urban characteristics of where the deceased person travelled might not be fully adjusted in the regression models.
It is also of note that the prefecture-level city of Suqian comprising approximately 7% of the Jiangsu population and 16% of the population in the north had to be excluded because of poor mortality data. This may bias some of the comparisons between regions as in 2012 Suqian had both the lowest gross regional product and the lowest gross regional product per capita. The RTI mortality rate may have been underestimated for the northern region and, as a consequence, for the entire province.
From another viewpoint, the population count was problematic as is the case in other Chinese studies. In China, hukou household registration is used to determine the place of residence of a person, which is usually the residence of the mother at birth. Nowadays, Chinese people do not necessarily reside where they are registered as migration between and within provinces is common. In Jiangsu, the population counts in the north are actually smaller than those found in the hukou population and higher than that of the south. As a consequence, there may be an underestimation of the fatal RTI rates in the north, an overestimation in the south and the IRR of the north may be even higher than that reported.
Further, inherent to this type of register-based study, the data are silent regarding a number of individual risk factors of importance in the study of RTI fatality. This includes, e.g. socioeconomic status of the victim, 55, 56 alcohol intake 49 and risk-taking. 29 Also, the register does not inform about the 'position' (e.g. driver, front passenger or rear passenger) of the vehicle occupants, which will be increasingly important with increasing motorization, or the circumstances of the crashes, which would help to determine any specific circumstances in the occurrence of fatal road injuries in the province.
Conclusion
The study shows that in Jiangsu, a wealthy province of China, fatal RTIs are an important public health problem with high mortality YPLL rates, even more than in China as a whole, and that the burden of that mortality falls heavily on pedestrians. Men, older persons and people travelling in the less developed region are mostly affected.
